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1.0 INTRODUCTION 

The program described i n  t h i s  report  i s  an extension of 

Contract NAS8-2459 i n i t i a t e d  by the George C .  Marshall Space 

Fl ight  Center of the Na.tiona1 Aeronautics and Space Adminis- 

t r a t i o n  on 15  November 1963. 
covered the  fabrication and delivery of a quantity of four 

a l t i t u d e  measuring equipments desigaated Ryan Model 520 fo r  

use i n  a S A T "  vehicle. A previous f i n a l  engineering re- 

port, Ryan R e p o r t  No. 52067-1, covered the contract  period 

from August 1961 through September 1963. Since a l l  of the 

basic  design information was included i n  the  previous report, 

Ynis report  w i l l  include program a c t i v i t i e s  and technical 

d e t a i l s  concerning the equipment since incorporation of 

Modification 12 t o  the Ebntract. 

Modification 12 t o  the  contract 

1.1 Modificetion 12 t o  the bontract required the  delivery of 

four additiona.1 Radar Altimeters i den t i ca l  t o  those delivered 

under the  origina.1 contract except f o r  the following modifi- 

cations: 

1.1.1 The timer sub-assembly must provide an elapsed time 

in t e rva l  counter with a capacity of 16 b i t s  and a 

t i m e  resolution of 1/36 of a second. 

1.1.2 Provide an external  r e se t  capabi l i ty  in the  elapsed 

t i m e  in terval  accumulator. 

supplied from external  vehicle networks and i s  a 

l eve l  change from 28 vol ts  DC t o  ground through 

re lay  contacts. After rese t ,  the  input remains a t  

ground level.  

The r e s e t  s igna l  i s  

1.1.3 The above changes t o  be accomplished i n  accordance 

with the  requirements of Marshall Space Fl ight  Center 

drawings. 
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1.1.4 Appendix A of the  contra.ct en t i t l ed  specifica.tions 

wa.s amended to:  (a,) Add MSFC-STD-154, Printed Circui t  

Design and Construction, Standasds for;  (b) add 

MSFC-STD-l58B, Soldering E lec t r i ca l  Components f o r  

Spa.ce Vehicles, Procedure fo r  ( dele te  sub-paragraph 

2, Page 12 "Filtra.tion") ; (c)  de le te  MSFC-F'ROC-257 

and subst i tute  therefore MSFC-PROC-293. 

1.2 During the time Ryan was fabricaking the  four Altimeters, 

MSFC representa,tives determined tha.t addi t ional  s e n s i t i v i t y  

would be required and t h a t  the  transmitter must be isola.ted 

from the  antenna. 

agreed tha.t modifica*tions t o  the  range t racker  assembly and 

the RF subassembly must be made on Altimeters seria.1 numbered 

10 through 13. The modifica.tion t o  the RF subassembly was t o  

provide suf f ic ien t  isola.tion between the antenna. and the 

transmitter t o  maintain transmitter frequency within 20.5 mhz 

with VSWR changes up t o  three.  

tracker suba.ssembly were t o  provide the carpabili ty of acquir- 

ing and tracking a. -93 dbm signa.1 withik; 18 seconds while the 

vehicle t ravels  a.t a. vertica.1 velocity of two kilometers per 

second. 

the optimum method of i s o h t i n g  the t ransmit ter  from the 

antenna.. Detailed requirements fo r  an RF receiver and isola . tor  

were provided i n  the form of a. specifica,tion and the uni t s  

procured from a. qua.lified vendor e 

During a. conference on 4 June 1964 it wa.s 

The modifications t o  the  range 

Ryan conducted extensive investiga,tions t o  determine 

2 .O TECHNICAL APPROACH 

This pa.ra.gra.ph describes the technica.1 approach followed i n  

meeting the requirements of MDdifica,tion 12 t 3  the Cor_tra.ct. 

I n  addition, t h i s  para.graph discusses the technica.1 apFroa.ch 

followed t o  improve the s e n s i t i v i t y  of the Altimeter and t o  

provide the requ2red isola.t ion between the t ransmit ter  and 

the antenna.. Modifica,tions were required i n  the modula.tor, 

range tracker,  timer, I F  amplifier and RF receiver portions 

of the Ra.das Altimeter. 

2 
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2.1 Timer Modification. Modification 12 of Contract NAS8-2459 
required that the timer subassembly be modified to provide an 
elapsed time interval counter with a capacity of 16 bits and 
a time resolution of 1/36 of a second. Since this modifica- 
tion had previously been incorporated by MSFC, the drawings 
covering this change were available from MSFC. The timer 
subassembly was procured from Brown Engineering Company wha 
had produced previous models of the new timer. In addition 
to incorporating an elapsed time counter with a capacity of 
16 bits, an external reset capability was also provided. 
reset signal consists of a 20 volt DC signal which holds the 
counter in an OFF position. Upon removal of the 20 volt DC 
signal and upon applying a ground the counter is activated. 
As a result of the above modification the following changes 
were required in the Altimeter. 

The 

2.1.1 

2.1.2 

2.1.3 

2.1.4 

2.1.5 

2.1.6 

The front panel of the Altimeter was modified to 
accommoda.te a larger connector. The new connector 
is a Bendix Pygmy prO7C-22-55S and is used in 
position 5-3. 

Six wires were added to the connecting cable between 
the timer subassembly and 5-3. 

Since the timer subassembly was completely modified, 
changes were required in the specification and test 
procedure. 

The modified Altimeters built under this program are 
identified by part no 501019-G2. 

A new nameplate was required because of the changed 
part number. 

Test equipment was modified to accept the additional 
elapsed time outputs and to provide a reset signal. 

3 
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2.2 Range Tracker Modifications. A s  pa r t  of the program t o  

increase the sens i t i v i ty  of the Altimeter the range t racker  

subassembly was extensively modified. The modificakions t o  

the  range t racker  provide the capabi l i ty  of acquiring a t  

least a -93 dbm signal within 18 seconds while the vehicle 

t rave ls  at a velocity of two kilometers per second. 

t e s t s  have shown tha t  modifications resul ted i n - t h e  Altimeter 

acquiring up t o  a -96 dbm s igna l  and continued t o  t rack  a. -99 
dbm signal .  

ated i n  the  range trackers: 

Actual 

The following modifications have been incorpor- 

2.2.1 Error Detector Board 

(1) The bandwidth of the video amplifier was 

reduced t o  enhance the s igna l  t o  noise rakio.  

This was accomplished by the addition of L102 

(680 microhenries) i n  place of C R l O l  and 

associated bias  r e s i s t o r  R l l 5 .  
the  value of ~ 1 1 6  was  changed t o  22.X.  

I n  addition, 

(2) The gain of the video amplifier wa.s increased 

by changing the value of R120 t o  5.62K. 

(3) The input network was modified t a  provide 

fixed d i f fe ren t ia t ion  and greater  dr ive t o  the  

video amplifier.  This was accomplished by 

increasing the value of C l O Q  (220 micromicro- 

farads),  reducing the value of C 1 4 1  ( .001 
microfarads), irzcreasiEg the value of R l O 5  

(270 ohms) and LlOl (68 microhenries) e 

amplitude signals a r e  l imited by the addition 

of CRl3O (lN3064) between terminals three and 

four w i t h  the  anode of the diode a t  terminal 

three. 

by increasing the value of C142 (.01 microfarads) 

High 

Additional noise f i l t e r i n g  i s  achieved 

(4) Fi l te r ing  of the  +20 v d t  DC supply wa.s improved 

by deleting R l O l  and R 1 0 2  and replacicg them 

wi th  a jumper wire. 

4 
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(5) The operakion of the zero adjust  generahor 

was improved by increasing the va.lue of R173 
( 5 . 6 ~ )  and R174 (68K)  and decreasing R179 
(8.25K). 
22 microfarads and the value of Cl29 was 

decreased t o  100 mic3mnicrofasads. 

The value of  C l O l  was increased t o  

F i l t e r  Board. The bandwidth of the  DC amplifier 

wa.s decreased t o  a. range of zero to .18  cycles per 

second by deleting (2304 and R 3 l O  and increasing the 

value of ~ 3 0 8  t o  3.3 megohms. R 3 l O  w a s  replaced by 

a. jumper wire. These changes a.llow the  tracker t o  

acquire a. -93 dbm signal  i n  18 seconds (nominal) when 

t ravel ing a t  a. two kilometer per second rake. 

Automa,tic Gain Control Board. 

The temperature sens i t ive  components, RT5O2 

and RT503, were deleted.  

The re lay  dr ive c i r c u i t  was desensitized t o  

avoid ambiguous acquisit ions because of 

increased sens i t i v i ty  i n  the video amplifier. 

This was accomplished by decreasing the value 

of R515 (3%) and increasing the value of 

~ 5 1 6  ( 4 . 7 ~ ) .  

The impedance t o  the pulse d i f f e ren t i a l  ampli- 

f i e r  was increased by increasing the value of 

R524 (698 ohms) e 

The input t o  the re lay  was modified t o  allow 

greater integrat ion.  This was acmmplished 

by adding C515 
9 t o  E503. 

The performance of the noise AGC c i r c u i t  was 

improved by increasing R546 (lK) and R550 

(11.8~) and decreasing R549 (82K) and €3.543 
(56K) 

(4.7 microfarads) from terminal 
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( 6 )  The opera.tion of the fixed AGC c i r cu i t  wa.s 

improved by the addition of f i l t e r i n g  

capacitor C514 (8.2 microfa,rads) from the 

junction of R553 and R554 t o  ground. 

Investigation of Transmitter Isolakion. 

s ta ted  tha t  one major problem exis ted which jeopardized the 

use of the Radar Altimeter. It was determined t h a t  the antenna 

load VSWR varied from approximately 1 . 5  t o  3 when the SATURN 

gantry was'in place. The var ia t ion i n  VSWR caused wide f r e -  

quency variations i n  the t ransmit ter .  The wide variations 

i n  frequency made it impossible t o  ca l ibra te  the Altimeter 

p r io r  t o  f l i g h t .  

i f  su i tab le  i so la t ion  could be provided t o  eliminate f r e -  

quency var ia t ions.  

procured and isolat ion vs. frequency t e s t s  begun. The t e s t  

setup i s  sham i n  Figure 2-1. 

MSFC representatives 

Ryan inst igated investigations t o  determine 

Consequently a three- port  c i rcu la tor  W ~ S  

1sola.tion from port  #2 t o  port  #1 was 26 db. 

port  #3 varied from 1.15 M t h  the Lo on t o  3 with the Lo of f .  

The VSWR and phase o f  the  load was varied from 1.1 t o  4 and 

the phase was shif ted a. tota.1 of 180 degrees. 

The VSWR a$ 

The following 

da.ta. wa.s obtained 
I 

I 
- VSWR p o r n  

2.9 1 1  

3 -0 

1.25 P e a k  

11  

i n  t h i s  t e s t :  

FREQUENCY 
MIDl . MAX. 
(with phase change) 

1604 Tnbz 1609 mhz 

1601 1613 
1595 1617.5 

undercGz>led 1&8 0 5 l"*L 

2 .o 1605 1616 
3.0 1603 1619.5 
4 .O 1602.5 1621.5 
1.25 Overcoupled 1606 1611 

1 6 1 9  1 '3c 
L . L, 

1 1  

11  

I1  

AFREQ. 

5 *z 
12 
22.5 

3 c ;  
J'  / 

11 

16.5 
19 
5 
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Circulator  

Meter a 
> 

Double 
Stub Load Line 

Stretcher  Tuner 
L 

13 

Limiter M i x =  L.O. 

SINGLE 

2 Line Circulator Stretcher  

m i t t e r  

Double 
Stub Load 

Tuner  

CIRCULATOR TEST SETUP 
Figure 2-1 

5 Circulator . 

Meter 

L i m i t e r  Mixer L.O. 
i 

Load 

DOUBLE CIRClTLATOIi TEST S E W  

F i g u r e  2-2 
7 



I 

I '  

RYAN ELECTRONICS 
Report N o .  52067-2 

Since the  frequency varied over 20 mhz during the above t e s t ,  

a second three port c i rcu la tor  WAS procured so t h a t  even greater 

i so la t ion  could be provided. 

were included i n  the system as shown i n  Figme 2-2. 

The two three  port  c i rcu la tors  

With the VSWR s e t  a t  1.12 t he  system noise figure was  mea- 

sured at  7.8 db. 

3 and a t  each se t t ing  the  phase w a s  changed a full 180 degrees. 

The following da ta  was obtained during this test: 

The VSWR was then changed from 1.12 up t o  

FREQUENCY 
MIN . MAX. 

FREQ . - - VSWR (with phase change) 

1.12 I : *  
2 .o 1607.8 mhz 1609.4 mhz 1.6 mhz 

3 00 1607 5 1609.5 2 .o 

The above r e su l t s  showed a great  improvement over the previous 

use of a s ingle  three port  c i rcu la tor .  It was determined t h a t  

one of the three port c i rcu la tors  did not have su f f i c i en t  iso- 

l a t i o n  a t  the  frequencies being used. 

the  above tests it was determined t h a t  a four port  c i rcu la tor  

would be required. Specifications were wri t ten out l ining the 

requirements f o r  a receiver which would include a c i rculator-  

l i m i t e r ,  l oca l  o sc i l l a to r  and s ignal  mixer which would provide 

su f f i c i en t  isolat ion t o  maintain t ransmit ter  frequency within 

kO.5 mhz with load VSWFt var ia t ions up t o  3.0 and phase changes 

up t o  180 degrees. 

frequency assembly is Ryan Specification No. OOOO72OO2l and 

is  included as  Appendix I i n  t h i s  report .  The portion of 

t h i s  specif icat ion covering the  c i rcu la tor - l imi te r  and mixer 

was used t o  procure the RF receivers which were in s t a l l ed  i n  

Altimeters s e r i a l  numbered 10 through 13. 

From the  results of 

The complete specif icat ion f o r  the radio 

2.3.1 After the f irst  R F  assembly was assembled i n  prototype 

form it was determined tha.t a. four port  c i rcu la tor  

would not provide su f f i c i en t  isola.t ion t o  maintain 

frequency s t a b i l i t y  within 0 .5  mhz. I n  order t o  

8 
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accomplish the desired isolakion, a coaxial  i so l a to r  

was inserted i n  the  lioe between the  t ransmit ter  

cavi ty  and the circula.tor. The results of the  tests 

on the R F  subassembly a re  as follows: 

FREQUENCY - VSWR MIN. * - MAX. Am&. MAX. 

1.05 1610.4 mhz 1610.6 mhz 0.2 mhz 

3.0 1610.5 1610.8 0.3 
2 .o 1610.5 1610.8 0.3 0.4 

* Variation with Phase Change 

The requirement t o  zse  the  isola%or as ve l1  e a four  port  

c i rcu la tor  led t o  addi t ional  problem ca.med by ex- 

cessive inser t ion loss * Inser t ion loss of the  isola.ttor- 

c i rcu la tor  combination added up t o  &host 1.8 db 

which caused a 1.8 kw loss of power from the  t rans-  

mitter. 
the  transmitter t o  be less than 5 kw which-is the  

minimum acceptable by specif icat ion.  Further changes 

were m a d e  i n  both the  isola.tor and the  circula.tor t o  

reduce the  inser t ion loss and provide over 5.0 kw 

power. 

This loss i n  power caused the  output from 

2.3.2 R F  Assembly Packaginq. Procurement t i m e  f o r  the  
RF assembly was extremely short  because of the neces- 

s i t y  t o  meet t he  f l i g h t  schedule of SATJRN vehicle 

SA-7. A t o t a l  of s i x  weeks was allowed t o  fabr ica te  

and evaluate a prototype RF assembly and del iver  a 

complete f l i gh t  unit. 

four- p w t  circulator ,  varactor diode l i m i t e r ,  and 

hybrid mixer assembly aL1 i n  one package. 

o sc i l l a to r  and coaxial i so l a to r  a re  mounted on the 

package. 

Altimeter, the s i z e  of the RF assembly was extremely 

r e s t r i c t ed .  F i g x e  2-3 shows the in s t a l l a t ion  of  the 

RF assembly i n  the Altimeter. 

The R F  assembly includes a 

The l o c a l  

Became of the  small space available i n  the 

The me of a i r  s t r i p  

9 
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INSTALLATION OF RF ASSEMBLY IN ALTIMEm 

Figure 2-3 

10 
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transmission lineallowed the construction of the 

RF assembly in the small size needed. The air strip 
type construction also permitted the installation of 
diode balance adjustments in the balanced mixer. &- 

optimum noise figure can be achieved by carefully 
adjusting the balance controls. 
on the calibration of the RF assembly is given in 
Paragraph 3.2 below. 

Detailed information 

2.4 Matcbng Mixer Output to IF Amplifier. The first RF 
receiver was installed in an Altimeter for system checkout 
early in August 1964. 
isolation between the transmitter cavity and the antenna 
load. 
overall system sensitivity. 
prior to the inclusion of the RF assembly allowed acquisition 
of -95 dbm signals. 
acquisition of only -86 dbm signals was possible. It was 
determined that insertion loss  was not causing all of the 
loss in sensitivity. 
attributed t o  the impedance match between the mixer and the 
IF amplifier. 
reduce the capacitance from a total of 35 micromicrofarads to 
27 micromicrofarads. The reductionin capacitance improved 
the sensitivity by 3 db which was still not sufficient to 
meet the specification requirements. 
in the capacitance of the mixer crystal holders did not improve 
the sensitivity. 
input circuitry to provide a proper match for the output 
impedance of the crystal mixer. The final input circuit 
consisted of a shunt capacity of 20 micromicrofarads and a 

series inductance of 0.33 microhenries’in addition to the 
existing input circuit as shown in Figure 2-4. 
cation increased the sensitivity to the same as measured 
prior to the insertion of the new RF assembly. 

The RF receiver provided satisfactory 

A l l  other parameters were satisfactory except for the 
The overall system sensitivity 

After incorporation of the RF assembly, 

The decrease in sensitivity was 

The mixer crystal holders were modified to 

Additional reduction 

Modifications were made to the IF amplifier 

This modifi- 

11 
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IF AMPLIFIER INPUT CIRCUIT 

Figure 2-4 

I-' 4 

-I-- 

i I 
I 
I 
I 
I 
I 

I 

I 
I 

I 

MODULATOR CIRCUIT CHANGES 

F i g u r e  2-5 
1 9  
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2.5 Modulator Modifications. Early i n  the  program it 
was determined t h a t  t he  modulator was providing a 

second pulse of approximately 20 t o  100 vol t s  ampli- 

tude approximately 0.6 m s  after the  i n i t i a l  t r i gge r  

pulse. This second pulse was enter ing the  receiver  

and causing the  range t racker  gate t o  be pulled 

down t o  the lower end of the search gate. 

nal appeared as  a -93 dbm signal  and therefore 

l imited the s e n s i t i v i t y  of the Altimeter. The 

modulator was returned t o  the vendor and chapges were 
incorporated which e f fec t ive ly  eliminated the  secoid 

t r igger  pulse. 

shown in  the schematic of Figure 2-5. 

This sig- 

Changes made t o  the  mod?;lator a r e  

3.0 DETAIL FACTUAL DATA 

General Description. The general description 

provided for the  Model 520 Radar Altimeter i n  Ryan 

Report No. 52067-1 applies t o  the  Radar A l t i m e t e r s  

provided f o r  t he  follow-on order. No external 
changes have been irxorporated i n  the  four follow-on 

A l t i m e t e r s  ident i f ied  by serial numbers 10 through 

13. Because of the  in t e rna l  changes t o  the  RF 
assembly and the  range tracker,  the  par t  number of 

the Altimeters was changed t o  501019-G2. 

t o  the  RF assembly a re  shown i n  the block diagram, 

Figure 3-1. Trigger pulses from the  modulator are  

fed t o  the t ransmit ter  which i n  turn transmits the 

one microsecond wide pulse through an i s o l a t m  acd 

Changes 

p~rts cze t ~ * ~ c  cf f c l ~ . ~  ~ i r ~ l ~ - l a t . ~ r .  P P + , I ~ w P ~  

signals are fed back in to  port  two of the eirc-dator, 

out through port  four and on t o  the  l imi te rs  and 

mixer. The output from the loca l  o s c i l l a t o r  i s  

a lso fed t o  a mixer and the resu l tan t  IF  s ignal  

from the  mixer i s  fed t o  the I F  amplifier.  I n  

addition t o  the  changes i n  the IF amplifier sub- 

assembly, the timer subassembly has been modified t o  
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Figure 3-1 
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provide a 16 b i t  elapsed t i m e  comter  which is  

triggered at the  rate of 36 pulses a second. 

elapsed time counter can be reset t o  zero by an 
external reset pulse. 

ment specifications is  given i n  the following 

table.  

The 

A summary of the major equip- 

TABLE 3-1 

Transmitter 
T n e  Re-entrant cavity and triode 

Frequency 1610 +_ 5 m h ~  

Peak power 5 km 
PRF 144 - pps 

*Frequency s t ab i l i t y  +_ 0.5 m h ~  

Pulse width 0.8 t o  1.1 microsecozds 

*With load VSWR changes up t o  3. 

Receiver 

T n e  
Center f’requency 

Bandpass 

Noise figure 

Timer 

Clock frequency 

Superheterodyne 

Within +_ 0.7 mhz of transmitter 
f reqvericy 

3.0 1 L O  mhz 

8 db max. 

Trigger pulse frequency 144 +_ 0.002 pps 

System Tracking Requirements 

Ac c-ura,cy 
Velocity 6 km/sec max. 

+3c! s 5 meters 

Acquisition Must acquire 2 km/sec signal 
withizl 18 seconds 

Sensi t ivi ty  -93 dbm 

Range 50 t o  403 kni 
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I 

a 

TABIE 3-1 
(Contimed) 

Output Signal Characteristics 

Altitude word (18 b i t s )  

Elapsed t i m e  word (16 bi ts)  

Inh ib i t  

Re l i ab i l i t y  

AGC 

Transmi t  s ignal  

F i l t e r  output 

Power supply 

tlotl = 0 t o  0.5 vac 
"1" = 4.5 tJ0 5.5 vdc 

= 0 t o  0.5 vdc 
"1" = 4.5 t o  5.5 vdc 

O f f  = c) ts 0.5 vdc 
on = 4.5 t o  5.5 vdc 
Sea.rch = 0 -I 0.2 vdc 
Track = 4.0 t o  5.0 vdc 

-0.6 t a  0 vdc 

HV on = -0.1 f 0.02 vdc 
Hv off  = 0 2 0.32 vdc 

5.0 vdc max. 

1.25 f 0.25 Vac 

3.2 The RF subassembly provided i n  A l t i m e t e r s  s e r i a l  numbered 

10 through 13 requires a s l i g h t l y  d i f fe ren t  ca.libra.tion 

procedure. The new procedure i s  a s  follows: 

3.2.1 L i m i t e r  setup 
Disconnect 513 ( isolator)  from the RF sub- 

assembly' and eomect  the  i so l a to r  c l~ tput  

through a 20 db coupler t o  the  & m y  load. 

Monitor the  outpdt sigr_al f r eqcexy .  

C1020 on the  t racsmit ter  cavity fo r  a f re-  

cpency of 1610 mhz, 

output power ard recheck the  f r eqvexyo  

Adjzst 

Peak the  transmitter 

Comect the i so l a to r  (J13) t o  the RF si;bassern- 

b ly  and cormect the as tpz t  (J la)  t r ,  t'ne d - m y  

load through a cal ibrated do-Xblz st.;,5 tmer 

and the di-Pe@tio:lal cmpler. 

Remove the  h e a l  oscillator and monitor leak- 

age power a.t 515. 
Remove mixer diodes f m m  t h e i r  holders. 

16 
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' (6) With the t ransmit ter  energized, vary VSWR 

between one and three and observe the  leakage 

power at  515. 
adjusting the tuning slugs under the  vasactor 

housing. 

milliwa.tts is  required. 

Minimize the 1eaka.ge power by 

A power reading of less than 0.05 

. ( 7 )  Recycle VSWR vasiakions t o  insure proper s e t t i ng .  

3.2.2 Receiver setug 

[I) Set  the loca l  o s c i l l a t o r  output t o  1.6 m i l l i -  

w a t t s  and connect output t o  515. I n s t a l l  

the  mixer c rys ta l s  i n  t h e i r  holders and 

remove the  double s tub t m e r  from the load. 

Check the  c rys t a l  diode balance by measuring 

current between the  mixer output and ground. 

The reading should be less than f ive  micro- 

amps. 

Carefully adjust  controls located beneath and 

adjacent t o  the  c r y s t a l  holders u n t i l  any 

unbalance i s  minimized. 

I '  

(2) 

(3) Setup the  system f o r  a noise f igure t e s t .  

While observing the  noise f igure meter, tune 

the  c rys t a l  diode controls t o  minimize noise 

figure. Additional poise f igure improvemmt 

may be obta.ined by adjusting the  two large 

tuning slugs 011 the  s ide  opposite from the 

varactor housing 

(4) AdditionaL noise f igure improvement i s  some- 

times possible by adjcisting C3OO2 on the I F  

amplifier. 

4.0 PROGRAM ACTIVITIES 

4.1 Modification 12 of Contract NAS8-2459 was i n i t i a t e d  on 1 5  
November 1963. 
following mfiifications were r q - d i r d  by thz adden&a. 

Four Model 520 Radar Altimeters with the 
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Modifytimer subassembly t o  provide an elapsed t i m e  

in terval  counter with a capacity of 16 b i t s  and a 

time resolution of 1/36 of a second. 

Provide an external reset  capabili ty for  the time 

interval accumulator. 

suppled *om external vehicle networks. 

Appendix A of the contract en t i t l ed  "Specifica.tions" 

was amended to: 

The reset signal t o  be 

(1) Add MSFC-STD-154, Prin,ted Circuit Design arrd 

Standards for .  

Add MSK!-l58E, Sddeloizg Elec t r ica l  Caupments 
I \  

( 2) 
for Space Vehicles, Procedure for, (delete 

sub-paragraph 2, Page 12, "Filtration").  

Delete MSFC-F'ROC-257 and subst i tute  therefore (3) 
MSFC-PROC-293. 

4.1.4 A l l  waivers t o  specifica.tions generated under the 

basic contract as amended w e r e  applicable t o  
Modification 12. 

considered applicable 02 the follow-on contract; 

The following u n i t  waivers were 

(1) Plating solution may be Sel-Rex Autronex PC 

acid gold or Sel-Rex bright gold cyanide, o r  

equimlent, provided other solutions coofom 

to MIL-G-45204 a 

(a,) T o t a l  weight sha.11 be 27 pourrds maxima. 

(b) I F  bandwidth of the receiver sha l l  be 

2 1  m_h_z. 

(3) Identification may be accomplished in  accord- 

ance with Para. 3.1.19.7 of MIL-E-5400D where 

it is impractical t o  ident i fy  parts o r  crm- 

ponents as  specified in  MIL-STD-16B. 

. (43 Resistors and diodes m a g  be mounted ver t icel ly  

i n  the tracker subassembly i n  l i e u  of resting 

18 
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I .  them flat  against  printed c i r c u i t  boards as 

required by Pa.ra. 3.1.5 of BMA drawing 

8931071. 

(5) Nylon ribbon lacing may be used i n  l ieu of 

glass lacing cord as required by ABMA-PD-E-53. 

Reference Para. 1.4 of t he  revised sales 

order. Pwa.  2, Page 12 "Filtrakion" of 

MSFC-STD-158B is deleted. 

A l l  specif icat ions contained i n  the  contract ,  

as amended, requiring e l e c t r i c a l  and environ- 

mental t e s t i n g  and r e s - d t i n g  test  data. s h a l l  

be waived as it would otherwise apply t o  the  

timer subassembly being subcontracted from 

Brown Engineering Company, Huntsville, Alabama 

fo r  incorporation in to  the  addi t ional  four 

A l t i m e t e r s .  

(6) 

(7) 

4.2 On 29 January 1964 SAT" vehicle SA-5 w a s  successfully flown 

with A l t i m e t e r  serial  number 2 aboard. 

300 seconds of f l i gh t  the  A l t i m e t e r  locked onto the return 

s ignal  for approximately 12 seconds and then f o r  the following 

100 seconds w a s  in termit tent ly  on and o f f  lock. 

of the a. l t i tude da.ta during t h i s  portio= of the  f l i g h t  indica.ted 

t h a t  the a.vera.ged A l t i m e t e r  readings were within 30 meters of 

a.lterna.te methods of measuring a.ltitr.de a The a . l t i tude during 

t h i s  portion of the  f l i g h t  wa.s over 200 kilometers. 

the f l i g h t  the AGC leve l  remained the same with motors o r  

and off  and the  intermit tent  lock-on ocilrred s imi la r ly  under 

both conditions. This  fa.ct l ed  t o  the conclusion that. 

v ibmtion levels  were not the cause of the  intermit tent  lock- 

on. The conclusion rea.ched by representatives of MSFC i s  tha.t 

additional sens i t iv i ty  i n  the  Altimeter would provide a. 

higher confidence level  i n  meeting the program objectives.  

Ryan ha.d been independently investiga,tirig possible approa.ches 

After approximately 

Eva.lua.tion 

Dzring 
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t o  improving the sens i t i v i ty  of the Altimeter. 

investigations l ed  t o  the  be l i e f  t h a t  the  t racker  subassembly 

could be improved as much as 10 db. 

t he  t racker  subassembly were submitted t o  Marshall Space 

Fl ight  Center. 

These 

Proposals t o  improve 

4.3 Modifications t o  the range t racker  subassembly of A l t i m e t e r  

serial number 10 were incorporated pr ior  t o  t h e  required 

del ivery date. 

dbm signals  and acquisit ion of -90 dbm s igna ls .  I n i t i a l  

lock-on at low a l t i tudes  and low re l a t ive  ve loc i t ies  was 

assumed as  a mission requirement. Therefore, acquis i t ion 

s e n s i t i v i t y  w a s  not considered t o  be as important as obtain- 

ing a much improved tracking sens i t i v i ty .  

cations were incorporated t o  l i m i t  the  bandwidth of t he  t racker  

integrators ,  thus slowing down acquis i t ion t i m e  but improving 

t racker  s ens i t i v i ty .  The modifications incorporated i n  the  

t racker  allowed tracking -98 dbm signals and acquis i t ion of 

-91 dbm signals.  

acceptance t e s t ing  a t  Ryan and was hand car r ied  t o  Marsha31 

Space Fl ight  Center on 7 April  1964 for  evaluation. 

tained during the f i n a l  acceptance test of the  Altimeter 

a re  shown i n  the Appendix. 

F l igh t  Center showed t h a t  s e r i a l  number 10 could reacquire a 

-92 dbm signa3. when the tracking gate was positioned 100 

microseconds from the s igna l  and it could t rack  a -100 dbm 

signal .  MSFC representatives, however, expressed a des i re  

t o  improve the acquisit ion time since they were in te res ted  

The modifications provided tracking of -94 

Additional modifi- 

Altimeter serial number 1Q completed 

Data ob- 

Tests conducted a t  Marshall Space 

ir, OhtEining &?+,a &2rir,g the asczct  p z r t i m  zf the flight. 
In  order t o  investigate the required improvements i n  sens i t iv -  

i t y  and i so la t ion  between the  t ransmit ter  and the  antenna load, 

an extension i n  the delivery schedule was requested. 

4.4 Ryan proposed modifications t o  the  t racker  assembly with the 

objective of obta.ining a greater  acquisit ion and tracking 

sens i t i v i ty .  Also proposed was the incorporation of a modified 

20 
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4.5 

4.6 

TRAK Microwave RF assembly which was designed t o  i so la te  the 

antenna from the transmitter. MSE representatives rejected 

the proposal on the b a s i s  thak the cost of the RF assembly 

modification was excessive. 

t o  the modification of  the  RF assembly. 

was selected and i n  early June 1964, Ryan proposed modifications 

t o  Altimeter serial numbers 10, 11, 12 and 13 which would 

accomplish the following: 

Ryan obtained alternate approaches 

An al ternate  aGproach 

4.4.1 Modification of the range tracker subassebly t o  allow 

acquisition of a -93 dbm signal within 18 seconds . 

with vertical  velocity of 2 kilometers per second. 

4.4.2 Increase the functional r e l i ab i l i t y  of the A l t i m e t e r  

by isolating the transmitter from the antenna. t o  

prevent frequency pulling with VSWR changes. 

A l t i m e t e r  s e r i a l  number 12 w a s  subjected t o  f i n a l  acceptance 

tes t ing  i n  mid-August 1964. This uni t  passed the requirement 

t o  provide isolation between the antenna and the transmitter 

cavity with VSWR changes up t o  three and 180 degree phase 

changes i n  the antenna load. 

mained w e l l  within a 0.5 mhz variation. Altimeter s e r i a l  

number 12 could acquire -96 dbm signals and track -99 dbm 

signals. 

representative on 16 August 1964, 
A l t i m e t e r s  revealeathat  the insertion loss i n  the R F  sub- 

assembly caused the output transmit power t o  be marginal. 

Additional changes in  the receiver allowed a further reduction 

i n  insertion loss i n  both the isolator  and the circulator ,  

The transmitter frequency re- 

This Altimeter was hand carried t o  MSFC by a Ryan 
Subsequent tes t ing of 

On 18 September 1964 SATURN vehicle SA-7 was successfully 

launched from Cape Kennedy. 

aboard SA-7, and tracked the return signal from approximately 

170 seconds a f te r  l i f t  o f f  t o  800 seconds a f te r  l i f t  o f f .  

Preliminary data shows tha t  the accuracy of Altimeter da ta  

compares favorable with data from other systems. The l a s t  two 

Altimeters were shipped on 9 October 1964. 

Altimeter s e r i a l  number 12 was 

21 
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5.0 CONCLUSIONS 

The requirements of Modification 12 and Modification 14 t o  

W8-2459 were t o  provide four production Altimeters with 

modifications t o  improve the  s e n s i t i v i t y  t o  allow tracking 

and acquisit ion of a. -93 dbm s igna l  and t o  i s o l a t e  the 

antenna from the transmitter cavity.  

exceeded the sens i t i v i ty  requirement and a l l  provided the 

necessary i so la t ion  between the antenna and t ransmit ter .  I n  

addition t o  the  above modifications t o  the  Altimeter, the  

impedance match between the  mixer output and the input of the 

IF amplifier was modified t o  provide optimum sens i t i v i ty .  

Modifications t o  the modulator subassembly resul ted i n  the  

elimination of the  second low amplitude t r igger  pulse which 

a l so  affected t h e  sens i t i v i ty  of t h e  Altimeter. 

The Altimeters a l l  

6 .o RECOMMENDATIONS 

6.1 During the  design, production and t e s t i n g  of the Ryan Model 

520 Altimeter various suggestions have been made f o r  improve- 

ment i n  performance. 

have afforded the opportunity t o  extend the capabi l i t i es  of 

the A l t i m e t e r  even fur ther .  A study program i s  recommended 

t o  develop modifications t o  the  Model 520 Radar Altimeter 

which w i l l  have as a design objective the  a b i l i t y  t o  acquire 

and t rack a -103 dbm signal .  

within 30 seconds nominal when the  ve r t i ca l  veloci ty  of 

the vehicle i s  a maximum of 2 kilometers per second. 

order t o  extend the s e n s i t i v i t y  of the Model 520 Radar 

Altimeter, it i s  suggested t h a t  a tunnel diode R F  pre- 

amplifier be incorporated and fur ther  modifications t o  

the range t racker  subassembly be made. Modifications t o  
the range t racker  subassembly a re  required t o  delete  the 

search-track re lay  and the  nuvistors.  

would be t o  incorporate a completely solid s t a t e  frequency 

standard which does not require temperature control.  Also it 

New techniques and advanced technology 

This s igna l  would be acquired 

In  

A t h i r d  recommendation 

22 
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is now possible t o  obtain a completely solid state I F  

amplifier. 

during the study program. 

The following tasks should be accomplished 

6:i:l 

6.1.2 

6.1.3 

6.1.4 

A prototype tunnel diode amplifier, including a 

f ive  port circulator,  should be designed and 

fabricated and tested i n  an Altimeter. 

diode RF pre-amplifier should m e e t  the  following 

performance character is t ics  : 

The tunnel 

- 

Frequency: 1610 *5 mhz 
Noise figure: 

Gain; 17 db minimum 

Temperature range: - 2 0 ° C  t o  +lOO"C 

Dynamic range of input: 

M a x i m  surge input: -7 dbm 

5.5 db maximum, 4.5 db typ ica l  

-55 t o  -103 dbm 

The present a b i l i t y  of the  range t racker  subassembly 
t o  acquire and t rack signals weaker than -96 dbm is 

l imited by the r e l a t ive ly  insensi t ive search-track 

re lay  c i rcu i t .  Replacement of the acquisit ion re lay  

i n  the  tracker i s  reconmended i n  order t o  extend the  

a b i l i t y  t o  acquire weaker signals.  In addition, the  

DC amplifier portion of the  range tracker should be 

modified t o  include the use of a l l  so l id  s t a t e  com- 

ponents. 

greater r e l i a b i l i t y  and less power drain. 

Improvements i n  the design of the  delay generator 

portion o f t h e  range t racker  subassembly should be 

Deletion of the nuvistors would provide 

accmplished mr7 sho171r7 TPSlllt in a s i g - i f i c a n t  

improvement i n  j i t ter .  

Completely so l id  s t a t e  frequency standards which do 

not require temperature s tab i l ized  ovens are  EOW 

available. 

such a clock source fo r  the Altimeter 

should be made. 

Investigations in to  the procurement of 

application 
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6.1.5 It is also recommended tha t  modifications t o  the I F  

amplifier subassembly be made t o  provide a. completely 

so l id  s t a t e  amplifier. 

IF amplifier design would allow elimination of the 

nuvistor i n  the input stage of input amplifier and 

provide a much smaller size package. 

Present state of the art i n  

6.2 The successful performance of the Altimeter aboard SATURN 

vehicle SA-7 leads t o  the  conclusion tha t  accurate, re l iable  

Altimeters can be provided for use as  basic navigation 

devices in  future space vehicles. 
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SPECIF ICATION NO. 

DATE 

O0 0°7 *O 021 

PAGE NO. 1 

P'ROClmmJT SPECIF'ICATION 

FOR 
RADIO EREQUIDJCY A,SSE$IRLY 

1 .o SCOPE 

1.1 Scopc - T h i s  specif icat ion cs tab l i shcs  the rcquirccicnts 

f o r  thc  dcsj.[p, fob r iwt ion ,  tcst ,  Hnd pcrfonnencc of a Rhdio Frequency 

Assembly t o  bc w e d  i n  the R a d w  Altimctcr fo r  the  SATURN space vehicle. 

1 .2  I n t c q r c t n t i o n  - For the  purpose of t h i s  spccif icot ion,  t he  

R t d i o  Frequcncy Assembly, the Mtlnufnc turcr, Lnd Ryun Electronics s h n l l  

hcre inaf te r  be rcfcrrcd t o  RS M e  "unit", Vendor",  end "Contrnctor" 

rcspcc t i v e l y  . 
1-3  Cltlsslficntion - The u n i t  s h a l l  be of onc type. 

2 .O APPLICrnLE: DocuI.mi!s 
2.1 General - The following docuncntn of the issue i n  effect  on 

t h c  dcte  of i nv i t a t ion  f o r  bids 

extent  specif icd herein: 

SPECIFICATIONS 

Militory 

MIL-I-~~~OO 
MIL-D-70327 

NPC 200-3 

MSFC -STD- 154 

ABI4A-I'D-E- 53 
G eC C Division(NSFC) 
Design Guide Lines 

ELSFC-l5SE 

from a por t  of t h i s  specif lcat ion t o  t h e  

Interference Control R equircmcntn 

Drowine:; , En&uxinc  ond Aasocintcd 
L i s t s  

NASA Qual i ty  Publicntlon 

Printed Ci rcu i t  Design find 
Construction StLndnrds 

Printml Ci rcu i t  Soltlcrin!; 
end Inspcction Procedure 

E1ectric:Jl Wirinl: Procedures 

Pr l r t s ,  Matcrinls cnd  Processcs 

Solderin!: E lcc t r  tcn3. Connections 
f o r  Spccc Vehicles 
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SPECIFICATION NO. 00 0°7 20 o2I 

PAGE NO. 2 

2.2 Avri lobi l i ty  of Documents - Whcn requesting specif icnt ions,  

$tondnrds, nnd publications, r e f e r  t o  both t i t l e  and riuibcr. Copies of 

t h i s  specif icat ion m d  nppliceble spec i f icn t  ioris rcquircd by the Vendor 

i n  connection with spcc i f ic  procurctnent functions may be obtained u-pon 

sppl icat ion t o  thc Contrnctor. 

2.3 Pniccdence of Dociuccnts - Vhcn the  requircnient of the pur- 

chme order,  t h i s  spccif icct ion o r  epplicoble subsidinry specif icat ions 

a re  i n  conf l ic t ,  the following precedcncc s h c l l  "pply: 

Purchase Ordcr - The Purchase Ordcr s h a l l  hew 

precedence ovcr any specif icnt ion.  

This Specification - This  specif icat ion s h e l l  have 

prcccdencc ovcr a l l  npFll'cable subsjdicry specifica- 

t ions.  Any deviation from th io  specif icct ion,  or  from 

subsidiary specif icat ions where appllcable, shill1 be 

s p e c l f i c d l y  approved in  wri t ing by the Contrnctor. 

Referenccd Spccifico tims - Any referenced specif ice-  

t i o n  shall have precedence over a l l  fipplicsble sub- 

s id i e ry  specif icat ions referenced therein.  All 

referenced specif icat ions shnll apply t o  the extcnt 

spec i f ieJ .  

3 -0 REQLJIR~ENTS 

3 . 1  Par ts  m d  Mnter i~ ls  - Preiniwn qua l i ty  coniponcnts shrill bc use( 

throughout. The Vendor sha l l  use G & C Division (MSFC) Design Guide Lines 

covering port:;, m a t e r i o l s  nnd processes t o  the  f u l l e s t  extent pructicnblc.  

Exceptions t o  t h i s  requircincnt rnny be grrrxitcd only by wri t ten nuthorimtion 

of the Contrnctor and w i l l  be granted only i n  t h o x  instances w;iCi-c ii c m  

be Lhown t h a t  the ex is t ing  guldc l i n e s  arc lackink: i n  necessttry require- 

nlents o r  8re inadcquntc f o r  use. 

3.1.1 Sol id  S tn te  Deviccs - Solid s t a t e  deviccs shn l l  be uscd t o  

t h e  grea tcs t  pmc t i c .  1 ,extent but the use of c lcctron tubes or hybrid 
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design w i l l  be permitted i f  necessary t o  comply with t h i d  specification, 

provided the w e i g h t  and power consumption l i m i t s  of this specif icat ion 

a r e  not exceeded. 

3 92 Design and Construction 

3.2.1 General - Simplicity of desi-, s t a b i l i t y ,  interchancenbllity, 

and operation81 r e l i a b i l i t y  s h a l l  be the prime considerations i n  the 

deslgn and construction of the unit. 

3.2.2 Construction - Integrated construction shall be used t o  the 

greatest extent pract icable  to  minimize intcrconnections and provide a 

compact un i t .  

3.2.2.1 Workmanshi2 - Printed c i r c u i t  desipp and construction s h a l l  

be i n  accordance with NSFC-STD-1%. Printed c i r c u i t  soldering and inspect- 

ion procedures sha.11 be i n  accordance M t h  ABMA DWG-A8931071 and e l e c t r i c a l  

connections s h a l l  be soldered i n  accordance with MSFC-lgB with subparagraph 

2, page 12 " A i r  F i l t ra t ion"  deleted. 

3.2.2.2 W i r i n y :  - Elec t r ica l  wiring procedures s h a l l  be i n  accordance 

With ABMA-PD-E-53. 
3.2.3 Environment a 1 Requirements 

3.2.3.1 Temperclture - The u n i t  shal l  be capable of operating a t  

temperature extremes of -20 dcgrees C. t o  + 100 degrees C (design objective 

is + l25"C). The temperature of the  uni t  will be s t ab i l i zed  at  the extreme 

temperature and maintained a t  t h i s  temperature f o r  a period of two hours 

a f t e r  which time operationel t e s t s  will be conducted. 

period, the uni t  w i l l  be i n  an operating condition. 

3.2.3.2 Vibration - The un i t  shn l l  be capable of withstanding a 

sinusoidal vibration i n  each of  I t s  three mojor axes without adverse 

e f fec ts  on i t s  operation. !The vibration frequency vi11 be swept from 

10 cps t o  2,000 cps to 10 cps i n  15 minutes, sweeping twice fo r  each of 

During the two-hour 

the three axes fo r  a t o t a l  of 6 sweeps, a t  the following conditions: 

(All resonant frequencies w ill be noted) . 
20 t o  50 cps a t  2 g l s  

50 t o  110 cps a t  0.016 inches DA displacement 

110 t o  2,000 cps a t  10 g l s  
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Resonant frcqucncies w L l l  bc subjected t o  10 minutes vibrntion i n  cnch 

of t he  thrce major axcs n t  t h e  following conditions: 

20 t o  45 cps H t  2 G ' S  

45 t o  95 cps a t  0.016 inches DA disploccment 

35 t o  2,000 cps e t  10 E'S  

3.2.3.3 Shock - The unit s h a l l  be cepnble of withstonding s i x  shocks 

i n  each of  t h e  three major planes without adverse e f f e c t s  on i t s  opera- 

t ion .  The u n i t  will be opcruting duritq;  t h i s  t c s t .  The shock l eve l  

w i l l  bc a s  follows: 

X) g ' s  fo r  10 milliseconds ( t r i m s l u r  wwe) o r  

20 g ' s  f o r  8 milliseconds ( s ine  wove) o r  

20 g ' s  f o r  6 milliseconds (square wuvc) 

3.2.3.4 Acceleration - The un i t  s h n l l  bc cnpoblc of withsttinding 

1 5  g ' s  of eccclcrat ion without advcrse e f f e c t s  on its operation. 

u n i t  will be subjected t o  accelerotion i n  six mounting pos-ltions i n  

succession. 

The 

The posi t ions w i l l  be such t h a t  the redLnl accelerat ion 

force is  applied t o  each of these axes. 

5 minutes for  eech pooltion. 

3.2.4 Mechonicol Requircmcnts 

3.2.4.1 ' Total  Weight - The totr i l  weight of t h c  u n i t  s h d l  be a 

m i r i i i n u m  consis tent  with good design nnd shril l  not cxcecd 3.0 pounds .  

3.2.4.2 Confiwrntion - The conf igva t ion  of the  u n i t  s h a l l  h e  

subject  t o  the epproval o f  t h e  Contractor. 

3.2.5 E lec t r i cn l  Requircr:icnts 

3.2.5.1 RdCo Frcqiicncy Interference - The u n i t  s h n l l  confonn t o  

Specif icat ion MIL-1-26600 i r i  respect  t o  radiated end conducted inLer- 

fcrencc and spurious rcsponscs. 

3.2.5.2. Tronsmi t t c r  

3'2.5.2.1 T c o t  Points - A tes t  wint s h a l l  bc providcd t o  iwnitor  the  

G L s ? d  of 3.2.5.2.3 ( 2 ) .  

i n to  rm impcdonce of' 33 ohms (noiainrll) without ndvcrsely aff'cctincs t h e  

rnonitorcd c i r cu i t s .  Thc t c s t  point  slir.11 be i m l r t e i l  t o  t he  extent 

t h a t  nccidcntf.1 e;rounding w i l l  not diima@? components i n  the set .  

Thc accelerat ion t i m e  w i l l  bc 

This test point  shh l l  be copable of operating 
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Innuts - Thc un i t  shr.11 be :;up_nlicd with the followin{,: - 3.2.5.2.2 

inputs : 

(1) Power: 6.3 5 0.55 VDC power at 1.1 ~izips f o r  filament 

su2ply t o  bc smpl ied  from b i f i l c r  winding 

in moilul Q to r  . 
(2) S i p i J l :  A pulse from thc  modulator with the followin&; 

charac te r i s t ics :  

4 3,500 vol t s  peak 

b) 17.5 1:v povicr tnin. 

c) P.R.F. of 144 cps. 

d) 

e )  

f) 

er; )  
h) 

Rinple 011 pulse lcss thm lo$ of t o t a l  
pulsc amplitude. 

h l s c  width 1.05 niicrosccond k0.15 
microsccond a t  50$ point. 

Rise tltnc (10 t o  BO:]) 0.1 microsecond rn 
F a l l  timc (10 t o  80?l)0.5 microsccond m;:> 
Droop less thnn 10s over  the  pulsc w i c i t k  

3.2.5.2.3 Outputs - The unit sho l l  supply the following outputs: 
(1) Signa l  

( n )  A 5 to 10 1iW RF pulse. 

(b) 

( e )  

(d )  P.R.F. of 144 cps. 

( e )  

(f) 
( g )  

Pulse width 0.8 to  1.1 microsecond. 

Rise  tinie 0.1 microsecond mox. (10 to cf l$)  

Duty cycle of 0.000137 noI.iinz1. 

Trnnsniitter frequency of 1.610 -I 0.005 kmc. 

h o d  ixnpedonce of 50 ohno 

( 2 )  A p w e r  rnnnit.nr c q i i n l  i n  011 respects t o  the pulse of 

3.2.5.4 (1) except the output voltece shall be mimis 

0.5 t 0.1  vol t  Rcross a nominal 33 ohm output. 

3.2.5.2.4 Transmitter C h n r c i c t e r i s  L ics  

(1) 

( 2 )  

( 3) 

Power ~utput ;  > kw niin. 

~+eqiicmcjr 1.610 2 0.005 I ~ C .  

1)uty Cyc lc  0.000137 nominal. 
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(4) 
( 5 )  
( 6 )  
(7) 

Pulse width 0.8 t o  1.1 microsecond. 

Rise time (10 t o  9O$) 0.1 microsecond max. 

P.R .F. of 144 cps. 

Antenna load impcdmcc 50 olms 

3.2.5.3 Receiver - Thc R.F. receiver  s h a l l  comprise n four 

por t  c i rculntor  - limitcr, n l o c v l  o s c i l l a t o r  and B bnlenccd mixer. 

The receiver sha l l  provide suf f ic ien t  antenna lood i so ln t ion  t o  m i n t p i n  

transmitter frequency within t 0.5 R ~ C  with load  VSWR vnrintions up t o  3.0 

and phase chonges up t o  180". 
I.F. signal .  

when u t i l i z i n g  an I.F. amplifier with a noise f igure of 1.5 db. 

3.2.5.3.1 Circulotor - Limiter - The four por t  c i rcu la tor  s h l l  

accept the tronsmit s i p i l  of 3.2.5.2.3 (1) Pnd route it t o  the  miterma 

connection. 

described above and provide protcction fo r  thc mixer diodes and s h a l l  

route the received eigne1 t o  the mixer. 

The bo3nnccd mixer s h a l l  provide n 30 Inc 

W-P single  frcqxncy noice f i v e  s h ~ l l  be 8.Q db maxl!nm 

The c i r cu l s to r  - l i m i t e r  s h n l l  probidc nntennc) lond i so lu t ion  

(1) Inputs: 

a)  The transmitter output pulse described i n  

3.2.5.2.3 (1) s h a l l  be routed t o  the  antenna 

which hes a 50 ohm input impcdnnce. 

A return s igna l  f'rom the t o r E e t  8 t  a power 

leve l  between - 7 dbm and -96 dbln, 
b) 

(2) Outputs: 

a)  The transmitter pulse of (1). (a)  nbove sttcnunted 

a mRximum of 0.5 db. 

The input s i & m a l  of (1) (b) above attenuated by 

a rnaximwn of 0.5 db. This simal shall be supplied 

to  t h e  s i l p o l  m i x c r .  

b) 

3.2.5.3.2 Local Oscill8tor - The loco1 o s c i l l a t o r  shnl l  provide 

a 1580 mc si@sl t o  thc birlfmced mixer. 

adjustable  plus o r  minus 5 mc. Power output shnll  bc adjustable from 

1 t o  10 mw. The L.O. - transmitter s igna l  frcqucncy difference shrill 

be 30 ? 0.5 mc under all rnvironmcntol conditions. 

The L.O. frequency s h b l l  be 

7 
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(1) In_nuts: 

+ 150 vdc unrcpLLated 

6.3 t 0.2 V!lC 

(2 )  out:>ut: 

Sine wnvc, 1590 mc, 0-10 nw, -Lo dr.i.ve bi:l.:iricctd 

c r y s t a l  niixcr. 

3.2.5.3.3 Sigritll Mimr - The mixcr shall. be b:.ilmic~::i with 8 

sini;le o u t _ ~ u t  anJ sh.111 u t i l i z e  seni-conductor diode::; thal; fire Ficccsstble 

fo r  replacencnt. 

(1) Inputs: 

e )  The circul:jtoi* - l i r n i t r r  output, of 3.2.5.3.1. 
b) Thc locrll o s c i l l a t o r  o ~ i t p u t  of 3.2.1.3.2. 
Output: A 30 m c  s i k p f 2 1  fo r  inscbrtion in to  f.n I.F. 
Amplifier. The output impccluncct s h a l l  bc 135 ohils 

rind 20 micrornicI*orFtri?ds. 

( 2 )  

4 .O QU;.JLITY ASSUIl/INCE PROVISIOIJS 

4.1 Qurility Control - The Vcnilor shrill xnr? incoin a qual i ty  

control system in nccorrlrrnce with NASA Qual i ty  Publ.ic:-ition I P C  200-3. 
This system s h a l l  be acleqwite t o  
requirements of t h i s  specif icet ion.  Rccord:; of  a l l  vtiristions, re  jcc t ions  

ssurc t h a t  thc unit incetr nl.1 thc  

and ftcccptanceu s h a l l  be maintained through ~$11 phqsc.3 of fnb r iw  t ion  

and asseutbly. These records s h a l l  be : v n L l ~ b l e  to  the Contractor upon 

requcs t . 
4.2 R c l i n b i l l t y  Control - The nriture find thc  mission of 

the  sprice vehicle dcmnnd * a  h i &  deLTcc o f  r e l i s b i l i t y .  The Vendor s h o l l  

es tab l i sh  a r c l i r i b i l i t y  control procrnm which will cnsui-c f j  hiC:h d e p e c  

of r e l i a b i l i t y  and subinit; H copy of t h i s  pru[:i*rim t o  the  Contractor f o r  

review rind epprovnl when rcqmi.red by the  Puchosc Order.  

4.3 Xcccptmcc Tcstinq - Ench unit subni t tcd for ecwptance 

s h c l l  be t e s t ed  t o  detcrmine t h a t  the u n i t  m c t s  811 the  e l e c t r i c e l  

rcqnircmcnts of t h i s  specifictition. The vendor s h n l l  provide t e s t  d s t n  

showing the  results of acceptnnce tes t ing .  Rym purchasing zha l l -  bc 

no t i f i ed  A t  le;ist 2 working days p r io r  t o  r.cccpl:mcc tcctin:; to :allow 
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witncssing of these tests by R l G n .  

TestinC pcr MIL-1-2600 shnll be conductccl a t  Ryun H S  A p:lrt of the 

environmental t e s t ing .  

4.4 Test, Procec?i\rcs - Thc Vcndor s h a l l  prcpnrc ucccptnncc 

test procedures f o r  the unit and subrf1l.t thcsc procc(1urcs t o  the Contrrictor 

fo r  review nnd approval. The tes t  procedure; s h a l l  i!iclwlc ca l ibra t ion  

ins t ruc t ions ,  a l i s t  of Lest equipment usctl Lo FcrPon:1 the  tes ts ,  end 

a step-by-step procedure for  conducting t h c  tcstr, .  Thc r.cccptunce 

t e s t s  s h a l l  be conductcl'i u t  8 locration dcsipnatel  i n  the purchiw order. 

Rntl-io Frcqm ncy Interfc~rcmce 

5 90 l"llnATI0IJ FOR DEJXKERY 

5.1  Cencral  - All un i t s  sha l l .  bc preserved, pcJcksged, 

packed nnd marked f o r  shipncnt a s  npcciflod i n  the purchnse order. 

6 .o NOTES 
6.1 Monthly Proflrcss Rcports - Whcn specif ied i n  the  pwchusc 

order, monthly progress reports s h z X  be subnitted t o  t h e  Coritroctor nnd 

shall  include the  following informotion: 

(1) A brief stotcinent of  work accomplished t o  s tmt  of' 

current rc-porting period. 

A dcscrlgtion of the work pcrfonncd during the current; 

r q o r t  period includirir: u2.J. work whcthcr yielding 

posit lve o r  negetive rc:;ults. Dcsicp discussions, 

(2) 

r e su l t c  of  tests both i n  raw arid sunmory foims clnd 

the  ir intcrp-etotioris,  md. p l u m  arid schcdulcs of 

work coriteniplnted for  the ensuinl: month shrill bc 

included. Sufficicnt descr ipt ions of rxpc>riiucntrjl 
=r test csnditionl:  C ~ ~ L J .  7_rc FrciJjr3pd t_o cr.i.rih1 ish 

vs l ld i ty  o f  in tc rprc  tnt ion bcyond reasontjbl e doubt. 

A l l  p e r t i n m t  sketches or drawings. 

AU pcrtinent c:ilcultitions cind thcorct~.~:!]. tincilycrr.. 

A sta1,cmcnt ot' the  nw;ibcr of mnn-hour:; cxpxiilcd for:  

(q) cncinecring, (b)  d r a f t i r i c ,  ( e )  fnbrici,tion, 

tind ((1) othcr  fimctions i n  c!ccomplishi n c  thc work 

perf'onvcd during the r e p r t  pcriod. 

(3) 
(4) 
(5 )  
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( 6 )  Any other information such B S  schedule chnnges, 

procurement d i f f i c u l t i e s ,  e tc . ,  t h a t  will a s s i s t  i n  

evaluating the  progress by the Vendor. 

6.2 Manufacturing Drawings - A complete s e t  of reproducible 

manufacturing drewings conforming t o  Specif icat ion MIL-D-70327 shall be 

provided when and as speciflcd i n  the  purchase order. 

6.3  Purchase Order Discreponcies - Discrepnncies o r  departures 

from the  specif ied requircmcnts of t h e  purchase order s h e l l  be i den t i f i ed  

and submitted t o  t h e  Contractor f o r  disposi t ion.  

6.4 Rework - Cost of rework find trunsportntion of units 
necessary t o  correct  defects found during bcccptmce and cnvironmentnl 

t e s t ing  a t  Ryan s h a l l  be borne by t he  vendor. 

liaiGon cost ,  i f  required during environmental tect ing,  s h a l l  be b o n e  

by the vendor. 

Vendor enginecrinG rind 



RYAN ELECTRONICS 
REPORT NO. 52065-1B 

Date 9 -7-69 

W l tne  s s -QQ!@+L 
Tes t  

Trans. Freq. 

High Freq. 

Low Freq. 

Bandpass 

Center Freq. 

Noise Ind. 

Cable Lose 

Noise Figure 

PRF 

Pulse Width 

Rise Time 

Decay Time 

Trans. Power 

Clock Freq. 

Clock Freq. 

Vert. Velocity 

Overall System 
.Accuracy 

Inhibi t  Signal 

Reqmnt . 
1610 25 MC 

As Measured 

As Measured 

3.0 f1.0 MC 

Equsl t o  3.1 within 0.5 MC . 

A s  Measured 

As Measured 

Shall. not exceed 8.0 db 

14400 f 2  counts 

From 0.8 t o  1.1 pe. 

Less than 0.1 ps. (16 t o  go$> 

Less than 0.5 ye. ( 9 6  t o  16) 

5 KW Min. 

212.33664 x lo6 
k212 counts 

Ascending at  
50 t o  175 KM 
175 t o  400 KM 

Descending a t  
400 t o  175 KM 
175 t o  50 KM 

5 k0.5 VDC 
o 20.5 VDC 

Data Sheet 
Sheet 1 of 3 

32 P-B 



. RYAN ELECTRONICS 
REPORT NO, 52065-1.13 

Test Reqmnt - Par 
3.10 (b) Elapsed Time Word 5 +0.5VDc 
_I__ 

Indicator ON 

o i0.5 VDC 
Indicatore OFT 

(c)  Altitude Word 5 20.5 VDC 
Indicator ON 

0 i0.5 VDC 
Indicator OFF 

NOTE: Indicators 2O through 2 4 may 

jitter too much for an accurate 

voltage measurement. For these 

check that the voltage i s  present 

or absent. 

I I I 

Data Sheet 
Sheet 2 of 3 

33 
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Par. - 
3.10 

3 .11  

RYAN ELECTRONICS 
REPORT NO. 52065-1B 

Test 

(d) Power Supply 

(e) Filter Output 

- 

( f )  A N  

(g ) Reliability 

(h) Transmit Sig. 

Power Consumption 

Reqmnt . 
1.25 k0.25 VDC 
No Ground Effect 
Varying Voltage 

frm 0.5 to 5.0 VDC 

No Ground Effect 

Approx. -0.6 t o  0.0 VDC 

No Ground Effect 

Track 4.5 kO.5 VDC 

Search 0 20.2 VDC 

No Ground Effect 

H.V. ON -0.1 f0.02 Mc 

H.V. OFF 0 f0.02 VDC 

No Ground Effect 

Oven OFF-less than 65 W .  

Oven ON-less than 80 W .  

Measured 

L a 

6R 

Data Sheet 
Sheet 3 of 3 

L 14 
4 - B  



RYAN ELECTRONICS 
REPORT NO. 52065-1B 

Test 

3.4 

3.5 
0 

3.6 

3-7 

3.8 

3.9 Overall Syetem 
.Accuracy 

Inhibit B i g a a l  

Witneee 

As Measured / a P  
3.0 fi.0 MC 

B b a l l  not exceed 8.0 db % ps 

Ascending at 
50 to 175 KM 
175 to 400 XM 

Descending at 
400 to 175 KM 
175 t o  50 XM 

Sheet 1 of 3 



RYAN ELECTRONIC8 
REPOITI! NO. 52065-1B 

Test Reqmnt . - Pal-. 

3.10 (a -r 8UPPlY 1.25 f0.25 VDC 

- 
No Ground Effect 

(e) Filter Outpt Varying Voltage 

5.0 vw -m--: 
h%@ 

No Ground Effect 

(f) A N  Approx. -0.6 to 010 VDC 

No Ground Effeat 

Measured 

7,3/ ypc 
Ob< 

( 6 )  ReliebUity Track 4.5 f0.5 VDC +/ 7c9 

Search 0 *Qe2 h C  \ O p / 5  

No Ground Effect C)/f - */QO 

(h) Trmemit Big. H,V. ON -0.1 k0.02 VDC = 
H.V. Om 0 f0.02 VDC - , o o y  

No around Effect &K 

34 

lhta Sheet 
Sheet 3 of 3 
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3.10 

RYAN ELECTRONICS 
REPQRT NO, 52065-1B 

- Test Reqmnt 
(b) Elapeed Time Word 5 *O.gvDc 

Indicator ON 

Indicetore OW 
0 &Om5 VDC 

(a) Altitude Word 5 io.5 VDC 

Indicator ON 
o *0.5 mc 
Indicator OFF 

Jitter too muoh for aa aoaurate 

v o l h g .  maaeurement. For them 

or absent. 

Data Sheet 
Sheet 2 of 3 

33 



RYAN ELECTRONICS 
REPORT NO. 52065-1B 

3.4 

3.6 

3.7 

3.8 

3.9 

N o 8  Width 

Rise Tiale 

Trans. Pgwsr 

Clock h g .  

Glook d q .  

vert. Velocity 

Reqmnt 

1610 *5 Mc 

'-?-:-.- 

Witness 

3.0 a .0  MC 

Aecending at 
50 to 175 KM 
'175 t o  400 I(M 

'Descending at 
400 to  175 KM 
175 t o  50 XM 

32 
Sheet 1 of 3 

7- B 



RYAN ELECTRONICS 
REmRT NO, 52065-lB 

&& Tert Reqmnt 
3.3.0 (b) SlapaadTlme Word 5 *O.gvDc 

Indicator Olf 

Irrdicatorr OW 

0 
0 *0.5 VDC 

(a) AltJitub. word 5 k0.5 VDC 
Indicator ON 

Indicator OF# 

o *0,5 MC 

Measured 

Data Sheet 
Sheet 2 of 3 

33 
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RYAN ELECTRONICS c* 
i 0 

3.10 (6) Pawer 8 u ~ p . l ~  1.25 k0.25 VDC i d 3 3  4 

REpoR1! NO. 52065-lB 

- 53 ./ - Par. Teat  - Reqmnt Measured 

2 No Ground E f f e c t  
(e) ~i l ter  Output Varying voltage 

No Ground E f f e c t  

Ab No Ground E f f e o t  

(e) Ibllability Track 1.5 A0.5  Mc t G-7 vu4 

0.7z c(4 

3 - f  



t RYAN ELECTRONICS 
REPORT NO. 52065-lB 

Serial No, // 

Tcst - Par, 

3 . 1  Trans. Freq. 

3 .2  (4)  ( e )  High Freq. 

- 

(a) Low Freq. 

( 5 )  (b) Bandpass 

(e 1 Center Freq. 

3.3 ( 3 )  (f) Noise Ind. 

(d Cable Loss 

(h) Noise Figure 

394 PRF 

3- 5 Pulse Width 

Rise Tine 

&cay T h e  

3.6 

3.7 

3.8 

3-9  

3.10 

Trans. Power 

Clock Freq. 

Clock Friq. 

Vert. Velocity 

Overall System 
.Accuracy 

Inhibit Signal 

Reara t .  - 
1610 *5 KC 

As Measure 

A s  Measured 

A/ 
m5 

3.0 51.0 K 

Equal to 3.1 within 0.5 MC . 

As Measured 2- 
As Measured .72 

Le% Shall not exceed 8 .0  db 

5 iCW IYin. 

212.33664 x lo6 
c2l.2 counts 

j .(;*‘,’C ‘r -2 
-10022 -cou??t s 

,Ascending at 
50 to 175 I0.I 
175 t o  400 Md 

2bl.l. 63 k0.2034 ps . 
1459.18 k0.2034 ps. 
386 17 f O  .2034 ps . 

32 
Sheet 1 of 3 



Par. - 
3.10 

RYAN ELECTRONICS 
REPORT NO, 52065-SB 

ReCtmt _. Test - 
(b) Elapsed Time Word 5 *O.svr>c 

Indicator ON 
0 kO.5 VDC 
Indicators OFF 

(c) Altitude Word 5 k0.5 VDC 
Indicator ON 
o i0.5 MC 
Indicator OFF 

NOTE: Indicators 2' through 2 4 may 

jitter too much for an accurate 

voltage measurement. For them 

check that the voltage is present 

or. absent. 

Measured 

33 

Data Sheet 
Sheet 2 of 3 



RYAN ELECTRONICS 
REPORT NO. 52065-118 

No Ground Effect 
(e) Filter Output Varying Voltage 

No Ground Effect dx. 
( g )  Reliability Track 4.5 20.5 VDC Ai523 

Search 0 f0.2 VDC d 
No Ground Effect 

(h) Transmit Slg. H.V. ON -0.1 f0.02 VDC c 4/86 

No Ground Effect &K 
3.u. Power Consumption Oven OFF-lees than 65 W. A&?- 

2zd29 Oven ON-less than 80 W, 

z 
J 

#% 5- 

Data Sheet 
Sheet 3 of 3 



RYAN ELECTRONICS 
REPORT NO, 52065-1B 

3.4 

3.6 

3.7 

399 

PRF 

Pulse Width 

Rise Time 

Decay Time 

Trans. Power 

Clock Freq. 

Clock Freq. 

Vert: Velocity 

Overall System 
Accuracy 

Rcqmnt . 

As Measured 

5 KW Min. 

212.33664 x lo6 
*a2 counts 

.Ascending at 
50 to 175 KM 
175 t o  400 XM 

,2411.63 20.2034 ps . 
1459.18 +O. 2034 ys . 
386.17 f0.2034 p . 

Inhibit Signal 5 k0.5 VDC 
o i0.5 VDC 

Ihta Sheet 
Sheet 1 of 3 

32 /3** 9 



RYAN ELECTRONICS 
REPORT NO, 52065-1B 

Test Reqmnt - Par. - 
3.10 (b) Elapsed Time Word 5 &O . 5Mc 

Indicator ON 
a 

0 &0*5 VDC 

Indicetore Om 

h 

(a) Altitude Word 5 io.5 VDC: 

o k0.5 VDC 

Indicator ON 

Indicator OFF 

NOTE: Iadlcatorcl 2O through 2'may 

e jitter too muab for an accurate 

V O l k @  measurement. For these 

Measured 

c I I 



Q RYAN ELECTRONICS 
REPORT NO. 52065-1B 

Test Reqmnt . Measured - Par. - 
3.10 (d) Power Supply 1.25 k0.25 VDC 4/,324 o c  

No Ground Effect w R/&.E 

e 
(e) Filter Output Varying Voltage 

frm 0.5 to  5 * O  VDC 4377- A 4/7? 
c/nc 

No Ground Effect 

( 8 )  Reliability Track 4.5 tO.5 VDC f #, 7/7  
Search 0 &0.2 h C  0,177 
No Ground Effect 

(h) Tranamit 8lg. X.V. ON -0.1 k0.02 VDC - 0, om 
H.V. OFF 0 s0.02 VDC 

No Ground Effect E 

3.11 Power aonemption Oven 0FF;Lese than 65 W. 6 3 , s s P b J  
77,543 d Oven ON-lees than 80 W. 

a 

c 

34 
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1cs 
*. 

a 
Test 

Trans. Freq. 

High Freq. 

Low Freq. 

Bandpass 

Center Freq. 

Noise Ind. 

Cable Loss 

Noise Figure 

PRF 

Pulse Width 

Rise Time 

Decay Time 

Trans. Power 

Clock Freg. 

Repat. 

la0 *5  Mc 

A s  Measured 

A s  Measured 

3.0 s . 0  MC 

Equal to 3 . lwi th in  0.5 MC . 
A s  Measured 

As Measured 

Shall not exceed 8.0 db 

14400 f2 counts 

Fram 0.8 to 1.1 p s .  

k S S  than O * l & l S *  (16 to 96) 
Less than 0 . 5 . p ~  (go$ to  10%) 

5 KW Min. 

2L2.33664 x lo6 
*a2 counts 

1 .  -yy- 
3.6 

3.7 

Clock Freq. 

Vert ,  Velocity ,Ascending at 
50 to 175 KM 
175 to 400 XM 

Descending at 
400 t o  175 KM 
175 to 50 KM 

3.9 Overall System 
.Accuracy 

,2411.63 +O. 2034 ps . 
1459.18 CO. 2034 NUS. 
386 17 f O .  2034 ps . 

h t a  Sheet 
Sheet 3 of 3 /?’ f3 32 
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Reamnt . _. Test - 
Elapsed Time Word 5 *O.!jVDC 

Indicator ON 
o &0.5 VDC 
Indicators O F F  

(c)  Altitude Word 5 k0.5 VDC 

Indicator ON 

Indluator OFF 
o i0.5 VDC 

NOTE: Indiaators 2O through e4 may 

Jitter too much for  EUI accurate 

voltage measurement. For these 

check that the voltage l e  present 

or abeent . 

Measured 

Data Sheet 
Sheet 2 of 3 
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Par. Test 

3.10 (d)  Power Supply 

- * 
(e) Filter Output 

(f) A N  

(g) Reliability 

(h) Tranemlt Slg. 

Power Consumption 

Reqplnt 

1.25 i0.25 VDC 
No Ground Effect 
Varying Voltage 

f r a  0.5 t o  5.0 VDC 

No Ground Effect 

Approx. -0.6 t o  0.0 VDC 

No Ground Effect 

Track 4.5 k0.5 VM3 

Search 0 k0.2 Mc 

No Ground Effect 

H.V. ON -0.1 20.02 VDC 

H.V. OFF 0 20.02 VDC 

No Ground Effect 

Oven OFF-less than 65 'I 

<- 
Measured 

/. 247 
(l+ /< 

/. 3: c&- 

7 %C2 
- 

Oven ON-less than 80 W. 

Data Sheet 
Sheet 3 of 3 
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